Summary: In 33 histologically verified intracranial meningiomas, the correlation between the pattern of the time-signal intensity curve (TIC) from dynamic MR imaging and the histological subtypes were studied. The patterns of TIC for meningiomas were classified into two types: type A with a steep rise to a peak within a short time; type B with a slow rise to a peak followed by a plateau. Of the 16 meningiomas of the meningothelial type, 14 (87%) were type A on the TIC. On the contrary, all of the fibroblastic meningiomas were type B. The others had an almost equal distribution between the two types. These results indicate that dynamic MRI does not always have a predictive value for the histological subtype of an intracranial meningioma or for the histological architecture of the meningothelial or fibroblastic components.
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Introduction
A paramagnetic contrast agent, gadolinium-diethylenetriaminep entaacetic acid (Gd-DTPA), successfully provides the accurate diagnosis of intracranial meningiomas (Bydder et al. 1985; Zimmerman et al. 1985; Kasamo et al. 1989; Aoki et al. 1990; Schorner et al. 1990 ). Some authors have attempted to predict the histological characteristics of meningiomas by conventional MR imaging (Elster et al. 1989; Demaerel et al. 1991; Chen et al. 1992; Capeggiani et al. 1993) . The use of dynamic MR findings to predict the histological subtypes of meningiomas was studied, because there may be a relationship between the signal intensity of these tumors and their histological subtypes (Russell and Rubinstein, 1977) .
Patients and Methods
Thirty-three surgically treated patients with meningiomas between 1991 and 1993 were involved in this study. In all patients, conventional MRI, dynamic MRI, and histological evaluation were performed. A 0.5 T superconducting magnet system (SMT-50, Shimadzu, Kyoto, Japan) was used with a slice thickness of 10 mm. The tumor intensities of T1-weighted (SE 450-500/20-35), proton density (SE 1800-2000/35) and T2-weighted (1800-SE 2000/90) images were reviewed TABLE 1. The visual scoring system for the meningioma signal intensity (Flster et al.) by the visual scoring system proposed by Elster et al. (1989) (Table 1 ). An attempt was then made to correlate the intensity score with the histological subtype.
Dynamic MR images were studied by the following procedures. For comparison with the postcontrast dynamic study, one Ti-weighted spin echo image (SE 200/29) was obtained. Immediately following this scan, Gd-DTPA (0.1 mmollkg body weight) was injected rapidly. After the administration of the contrast material, eight serial images were obtained within 48 sec at the plane of interest. The signal intensity within the lesion was determined from the mean value of a defined region and was plotted against the time of data acquisition. Several homogeneously enhanced areas of the tumor on all sequences were used to assess the To evaluate the differences of each TIC for the tumor tissues, the time of peak (PT) signal intensity, the enhancement ratio (ER) and the wash-out ratio (WR) were calculated (Fig. 1) . The results were compared with the histologic subtypes of the tumors according to the classification by Russell and Rubinstein (1977) which involved 4 categories ( Table 2 ). The data were statistically evaluated using a paired Student t test. A: The type A TIC pattern had a rapid ascent to a definite peak, a short time at the peak and a decreasing curve after the peak.
B: The type B TIC pattern had a gentle ascent to the peak, a long time at the peak and a plateau.
Results
The tumor intensity scores for each case are graphically displayed as a function of histologic subtype (Fig. 2) . Regardless of the histological type, the tumor signals from Ti-weighted images were similar. The signal intensity in the tumor tissue appeared nearly isointense or mildly hypointense with the cortical gray matter. A significant correlation could not be determined between the tumor signal intensities of the proton density and the T2-weighted images. With dynamic MR imaging, the patterns of TIC were classified into two types: type A had a steep increase to a peak; type B had a slow increase to a peak followed by a plateau (Fig. 3) . Table 3 shows the correlation of the TIC pattern and the histological subtype. Of 16 meningiomas of the meningothelial type, 14 (87%) were type A on the TIC. Only 2 were type B. On the contrary, all the fibroblastic meningiomas were type B. The transitional, anaplastic and malignant meningiomas were equally distributed between types A and B.
Thus there was a definite correlation between the pattern of TIC and the histological type for the former two subtypes. Using a paired Student t test for the PT, WR and ER in meningothelial and fibrob astic types, the PT and WR were significantly different (Table 4) . But no significant correlation was found for the other three subtypes. of meningiomas on the basis of a MRI (Elster et al. 1989; Demaerel et al. 1991; Chen et al. 1992; Capeggiani et al. 1993) . Elster et al. (1989) found that T2 WI was useful for discriminating the pathological subtypes. Their visual scoring system for grading the signal intensities was used in the present study. But there was no definite correlation between the TI or T2 image and the histological subtype. This result agrees with Demaerel et al 's report (1991) . It is therefore difficult to differentiate tumor subtypes only from the findings of a conventional MRI.
Dynamic MRI studies with a bolus administration of Gd-DTPA have recently been used. The patterns of TIC were classified into two types and the majority of the meningothelial type were type A and the fibroblastic type were type B in this study. On the other hand, the transitional and malignant types were of both types A and B. Only a few studies of the dynamic MRI have been reported in brain tumors (Schorner et al. 1986; Koschorek et al. 1987; Watabe and Azuma, 1989; Demaerel et al. 1991; Fujii et al. 1992) . Regarding intracranial meningiomas, Fujii et al. (1992) demonstrated that the TIC patterns could be classified into two types; those with a gradual increase and no peak pattern (type 1) and those with a steep increase and a subsequent gradual decrease or flat pattern (type 2). For a fibroblastic meningioma, the TIC pattern corresponded to type 1. For the other types of meningioma., the TIC pattern was type 2. The present study supports the results of Fujii et al. (1992) . The TIC of the dynamic MRI was influenced by multiple factors, such as the degree of temporal resolution, slice thickness, injection of contrast medium, intravascular compartment, tumor vascularity, extravascular compartment and the permeability of the tumor vessels for the contrast agent (Bydder et al. 1985) . The MR system used in the present study was a midfield (0.5-T) machine and the 48-second temporal resolution for a dynamic scan was slow. But the obtained TIC had a different curve with a fibrous meningioma. To evaluate each TIC for the tumor tissues, PT, ER and WR were calculated. The WR was mainly influenced by the size of the extracellular compartment, while the PT and ER probably reflected the degree of the intravascular compartment, the tumor vascularity and the permeability of the tumor vessels. The WR was significantly different for the fibroblastic and meningothelial meningiomas. These results indicate a difference in the size of the extracellular space for these meningiomas.
By electron microscopy, endothelial fenestrations and open gap junctions are commonly found in the capillaries of meningiomas, and may function as routes into the extracellular space. The major contrast effect of Gd-DTPA may therefore be produced by these characteristic structures. The open gap junctions were tortuous and sinusoid (Watabe and Azuma, 1989) . But the structure of the extracellular matrix (ECM) is different between the meningothelial and fibroblastic types. The ECM of the meningothelial meningioma is uncommonly found in individual tumor cells. They exist in the fibrous septum which divides the tumor cells into lobules called syncytia. On the other hand, the fibroblastic meningioma has numerous connective tissue fibers separating the individual tumor cells (Yamashita and Yamashima, 1989) . The volume of the ECM in a fibroblastic meningioma is larger than that for a meningothelial meningioma. The contrast material therefore could stay longer in the ECM of a fibroblastic meningioma than in the ECM of a meningothelial meningioma. The architectures of the transitional, atypical and malignant meningiomas are organized by the mixed components and the malignant change of each component. In these meningiomas, the type of TIC may be affected by their main components resulting in variable TIC patterns for these tumors.
Thus the dynamic MRI is not always predictive of the histological subtype of an intracranial meningioma but is predictive of the histological architecture of the meningothelial or fibroblastic components.
